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In a 22-year followup of 3686 San Francisco longshoremen, the roles of
physical activity, cigarette smoking hablt, and systolic blood pressure level were
evaluated independently in relation to risk of death from a broad range of
diseases. Smoking pattern and blood pressure status were established in 1951
and job activity was assessed annually during the followup period. Lower levels
of energy expenditure predicted increased risk of tatal heart attack and perhaps
of stroke. Heavy cigarette smoking predicted increased risk of death from heart
attack, cancer, chronic obstructive respiratory disease, and pneumonia. Higher
levels of systolic biood pressure were associated with death from all cardiovas-
cular diseases, diabetes mellitus, and cirrhosis. Tacit to these findings: seden-
tary living takes its toll largely through heart disease and stroke; the toxicity ot
cigarette smoking is associated with a broader range of diseases, including
heart attack, cancer, and respiratory disease; and higher level of blood pressure
related to an even broader range of cardiovascular disease than either of the
other characteristics studied.
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ity; respiratory disease; smoking

The salutary effect of physical activity
on body systems is recognized. Regular vig-
orous physical exercise promotes physical
and mental well being, reduces the fre-
quency and level of characteristics related
to heart attack, and leads to cardio-respi-
ratory fitness (1-3). Evidence mounts that
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physical exercise reduces the incidence, de-
fers onset, and may diminish the severity
of heart attack (4-8). However, there has
been insufficient attention to any relation
exercise may have to risk of death from
other than hypertensive-arteriosclerotic
diseases. A study of a population of 3686
San Francisco longshoremen now has as-
sessed independently the roles of vigorous
physical exercise, cigarette smoking, and
systolic blood pressure level in risk of death
from a broad range of fatal diseases. Inter-
est focuses on the role of exercise. Cigarette
habit and blood pressure level are examined
largely to check consistency of findings
from this population with the expected re-
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lationship between these characteristics
and the causes of death studied. Estimated
relative risks attached to these three pre-
dictor characteristics evaluate their influ-
ence in particular diseases.

METHODS

From measured oxygen consumption re-
quired by job activities of longshoremen (9,
10), the breakpoint between high and low
energy expenditure was established arbi-
trarily at 5.2 kilocalories per minute. On
this basis, the average output per 10-hour
work-day for low energy workers was rated
at 1066 kcal in excess of basal requirements,
and for high energy workers at 1976 keal,
subject to variations in rest periods and
work style. (Work styles were such that
overestimation of high energy kcal levels
was more likely than of low energy levels.
Therefore, adjustment would tend to nar-
row the exercise difference and sharpen the
implications of energy output vs. heart at-
tack risk, etc.) Adjustment also was made
for the frequent slack moments that oc-
curred during heavy work sessions. In this
way, low energy workers ranged 4750-8250
kcal/week on the job, while high energy
workers were estimated to expend
8500-10,750 kcal/week. Job transfers were
checked annually as of the last pay period
in June to take account of individual
changes in level of energy expenditure, and
work activity was compiled as man-years
on the job.

In this analysis, each man-year of work
was considered as an independent unit ob-
servation for purposes of statistical esti-
mation and significance testing. A summary
relative risk (11) was used to assess the
relationship between cause-specific mortal-
ity and each characteristic studied after
adjustment for differences in age and the
two remaining characteristics. Decedents
were classified under the work category
recorded at the beginning of each man-year
of experience 80 as to avoid bias from job
changes that might have occurred for rea-

sons of ill health shortly before death. In a
prior study, the increased risk of fatal heart
attack associated with lower level of work-
energy output was 70 per cent when job
shifts were considered during the 22-year
followup period, little different from the 60
per cent when they were not (7). Also, bias
due to job shifts in the four years before
each man-year of experience has been
found to have a negligible effect on the
association between energy expenditure
and fatal heart attack (12). Consequently,
a simpler and substantially less expensive
analysis, which does not adjust for bias due
to earlier job changes, was used for this
report.

Occasionally, job data were missing from
the annual record, but restoration was fea-
sible for periods of up to three years without
distortion of findings by assuming that men
continued working at their last previous
known work assignment. These corrections
could preserve up to 16 per cent more in-
formation than would otherwise have been
available. During the followup period there
was a general trend of diminishing need for
high energy output with modernization of
the industry. Therefore, since men without
job codes because of absence or illness were
categorized by their previous and probably
higher energy output level, data restoration
generally would dilute rather than reinforce
any association between reduced energy ex-
penditure and increased risk of chronic dis-
ease. If more than three continuous years
of data were missing, subjects were dropped
as of the last year recorded. Relative risks
were reduced somewhat by inclusion of re-
stored data, but the significance probabili-
ties were strengthened by the larger num-
bers. Data reported here include the re-
stored information, and probabilities are for
two-tailed tests.

All longshoremen aged 35-74 years with
known job assignments were enrolled as
study subjects at multiphasic screening in
1951, and their man-years of work, by high
and low energy classification, were accu-
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mulated until death or age 75 or the end of
observation (1972). Retirees under age 75
were included as low-energy subjects in this
analysis. A supplementary analysis gave
similar results whether retirees were in-
cluded or excluded.

The characteristics of cigarette habit and
blood pressure level were recorded at the
baseline multiphasic screening but, unlike
physical activity, were not reassessed there-
after. Arbitrary breakpoints established for
these in analysis were cigarette smoking of
one or more packs per day versus less or
none, and blood pressure equal to or greater
than mean for five-year age group versus
lower. Although these personal character-
istics might change with age or fashion
during the 22-year interval, workers who
smoked or had higher blood pressure might
be expected to track parallel to their co-
workers. Multiphasic screening questions
did not distinguish nonsmokers from light
smokers, and this coarseness in the smoking
classification may have affected adjust-
ments in analysis for other characteristics.

We identified decedents from official
records and recoded causes of death using
the 7th Revision of the International Clas-
sification of Diseases. The following under-
lying causes of death were treated as poten-
tial outcome variables in the present anal-
ysis: heart attack (ICD no. 420), stroke
(330-332 and 334), hypertension and hyper-
tensive heart disease (440-447), diseases of
arteries (450-456), chronic obstructive res-
piratory disease (501-502 and 526-527),
pneumonia (490-493), diabetes mellitus
(260), cirrhosis (581 and 462.1), cancer of all
sites (140-207), lung cancer (162.1 and 163),
accidental death (800-965), and suicide
(970-979). All diseases of the circulatory
system (400-468) were analyzed only as
secondary causes of death and only for men
without heart attack as primary cause. °

RESULTS

The 22-year followup of the 3686 long-
shoremen aged 35-74 years generated 55,-

635 man-years of observation. Of these
man-years, 68.3 per cent comprised low en-
ergy job activity (38,014 man-years of ob-
servation); 36.0 per cent of the total were
contributed by smokers of one pack or more
per day (20,011 man-years); and 42.0 per
cent by men with systolic blood pressure
equal to or greater than mean for age (23,-
381 man-years). These data express the
composite input of all the long-
shoremen—of all ages, job activities (en-
ergy expenditures), smoking persuasions,
and blood pressure levels encountered dur-
ing the study interval. Percentages of man-
years per characteristic are not mutually
exclusive.

Results (tables 1-3) are expressed as rel-
ative risks of death from each specified
disease, with and without the adverse side
of each characteristic, i.e., low energy ex-
penditure, heavy cigarette smoking, and
higher systolic blood pressure. Causes of
death are grouped as cardiovascular, respi-
ratory, and metabolic diseases; cancer; and
violence. Relative risk for each character-
istic is adjusted for differences in age and
the other two characteristics. No relation-
ships at significant levels were found for
accidental death or suicide.

Energy expenditure

When physical exercise is dichotomized
at 5.2 kcal/min (8500 kcal/week), the re-
sulting relative risk of death from all causes
is 1.46 (table 1). This signifies a 46 per cent
added risk associated with lower levels of
energy output, independent of risks added
for age, heavy cigarette smoking, or higher
systolic blood pressure level. A major risk
attached to low energy expenditure is that
of heart attack (relative risk 1.97), espe-
cially as sudden death (3.32), as has been
described before (7). Relative risk of stroke
for low energy is 1.62, similar for both
thromboembolic and hemorrhagic strokes,
but the numbers are not statistically sig-
nificant.
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TABLE 1

Relative risk of death from specific diseases as related to work-energy expenditure among 3686 San
Francisco longshoremen in a 22-year followup period, 1951~1972

All longshoremen,

Longshoremen with energy expenditure
<5.2 kcal/min (38,014 man-years

Underlying cause of death d et:ﬂtﬁ :‘%naggrl:;n_ observation)
years ohservation) (?eg tﬁg RR* P
All causes 1270 1062 1.46 <.001
Heart attack 397 349 1.97 <.001
Sudden 118 107 3.32 <.001
Delayed 113 96 1.63 .066
Unspecified 166 146 1.63 034
Non-heart attack with mention DCSt 261 230 1.75 .007
Non-heart attack without mention DCS 612 483 1.15 193
Hypertensive heart disease 48 37 1.05 .903
Stroke 112 98 1.62 124
Hemorrhagic 60 52 1.73 .200
Thromboembolic 52 46 1.50 .387
Disease of arteries 30 23 0.66 404
Chronic respiratory disease 25 23 2.01 .292
Pneumonia 29 27 3.86 .087
Diabetes mellitus 14 13 4.46 .203
Cirrhosis 60 49 1.72 109
All cancers 270 222 1.17 .376
Lung 70 61 1.65 174
Accidental death 83 57 0.92 147
Suicide 156 13 2.66 295
All other causes 187 1561 1.27 .262

* Approximate relative risk (odds ratio) adjusted for age, cigarette smoking and systolic blood pressure.
t Underlying cause of death other than heart attack; secondary cause any disease of circulatory system (ICD

400-468).

Where cause of death was not heart at-
tack, low energy output was not a signifi-
cant risk factor unless disease of the circu-
latory system was a contributing cause
(1.75). However, the listed fatal diseases
other than heart attack or stroke represent
a wide variety of etiologies, and for some
the relative risks accompanying reduced
energy output are numerically high though
not at statistically significant levels; small
sample problems limit detection of any re-
lationship between energy expenditure and
these individual diseases. Hypertensive
heart disease and diseases of the arteries
(generalized arteriosclerosis) seem unre-
lated to exercise after adjustment was made
for differences in age, cigarette habit, and

systolic blood pressure level

Relative risks of death from chronic ob-
structive respiratory disease and acute
pneumonia are in the range of 2 to 4, and a
causal relationship, if any, with low energy
expenditure could be reduced pulmonary
exchange, but numbers are small and the
findings not significant. Of the metabolic
diseases, diabetes (4.46) often shares pre-
cursive characteristics with heart disease,
and cirrhosis (1.72) is often associated with
certain aspects of sedentary living; hence,
low energy expenditure may be an indirect
influence or merely a co-variable. Cancer of
all primary sites was unrelated to low en-
ergy expenditure, and, of the site-specific
cancers studied—lung, pancreas, colorectal,
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and prostate—only lung cancer (1.65)
shows any suggestion of association. It
should be noted that this figure is not sig-
nificantly different from 1.00 and that it
may represent an influence of cigarette
smoking data insufficiently controlled in
this comparison.

Cigarette smoking

Heavy cigarette smoking (table 2) is re-
lated strongly to increased risk of heart
attack (2.09), but also to risk of non-heart-
attack deaths without mention of circula-
tory disorder as a secondary cause of death
(1.34). Other cardiovascular diseases and
metabolic diseases are unrelated to smok-
ing, but chronic obstructive respiratory dis-
ease (2.63), pneumonia (2.27), all cancers
(1.71), and lung cancer (3.19) are strongly

associated with smoking. These figures are
all significant even though nonsmokers and
light smokers were not separated in the
study, which might have sharpened the ob-
served differences in risk due to use of
cigarettes.

Blood pressure

Systolic blood pressure at higher levels
(= mean for age group) shows its antici-
pated strong relationship to all the cardio-
vascular diseases and to death in general
(table 3). While higher blood pressure
showed no relation to chronic obstructive
respiratory disease, the relative risk in
pneumonia is 1.86, perhaps an indirect re-
sult through degenerative cardiovascular
diseases. Both metabolic diseases studied,
diabetes mellitus (5.07) and cirrhosis (2.22),

TABLE 2

Relative risk of death from specific diseases as related to cigarette smoking habit among 3686 San
Francisco longshoremen in a 22-year followup period, 1951-1972

All longshoremen,
total number of

Longshoremen smoking 20+ cigarettes/day
(20,011 man-years observation)

Underlying cause of death
ying deaths (55,635 man- No. of .
years observation) deaths RR P
All causes 1270 537 1.53 <.001
Heart attack 397 198 2.09 <. 001
Sudden 118 53 1.63 .008
Delayed 113 57 2.08 <.001
Unspecified 166 88 2.48 <.001
Non-heart attack with mention DCSt 261 94 121 153
Non-heart attack without mention DCS 612 245 1.34 <.001
Hypertensive heart disease 48 14 0.91 .762
Stroke 112 35 1.03 .887
Hemorrhagic 60 17 0.86 .603
Thromboembolic 52 18 1.27 437
Disease of arteries 30 12 1.51 .267
Chronic respiratory disease 25 14 2.63 .011
Pneumonia 29 15 2.27 .026
Diabetes mellitus 14 2 0.36 157
Cirrhosis 60 21 1.04 .883
All cancers 270 124 1.71 <.001
Lung 70 43 3.19 <.001
Accidental death 83 35 1.34 .189
Suicide 15 8 2.30 .105
All other causes 187 59 0.92 .592

* Approximate relative risk (odds ratio) adjusted for age, energy expenditure and systolic blood pressure.
T Underlying cause of death other than heart attack; secondary cause any disease of circulatory system (ICD

400-468).
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TABLE 3

Relative risk of death from specific diseases as related to systolic blood pressure level among 3686 San
Francisco longshoremen in a 22-year followup period, 1951-1972

All longshoremen, to-
tal number of deaths

Longshoremen with systolic blood pressure
Z mean for age (23,381 man-years

Underlying cause of death (55,635 man- ob- observation)
servation) No. of deaths  RR" p
All causes 1270 680 1.70 <.001
Heart attack 397 230 2.06 <.001
Sudden 118 76 2.66 <.001
Delayed 113 56 1.43 .055
Unspecified 166 98 2.20 <.001
Non-heart attack with mention DCSt 261 145 1.81 <.001
Non-heart attack without mention DCS 612 305 1.43 <.001
Hypertensive heart disease 48 40 6.74 <.001
Stroke 112 77 3.16 <.001
Hemorrhagic 60 41 3.03 <.001
Thromboembolic 52 36 331 <.001
Disease of arteries 30 18 2.26 .025
Chronic respiratory disease 25 9 0.88 757
Pneumonia 29 16 1.86 .090
Diabetes mellitus 14 11 5.07 .006
Cirrhosis 60 37 2.22 .002
All cancers 270 115 1.08 515
Lung 70 26 0.91 .699
Accidental death 83 39 1.22 .366
Suicide 15 8 1.69 .308
All other causes 187 80 1.04 .767

* Approximate relative risk (odds ratio) adjusted for age, energy expenditure and cigarette smoking.
1 Underlying cause of death other than heart attack; secondary cause any disease of circulatory system (ICD

400-468).

are correlated significantly with higher
levels of blood pressure, but the direction
of any causation is obscure. No influence is
found on risk of cancer or all other causes.

D1ScUSSION

Aside from the limits of small sample
problems, and difficulties that arise from
interpretation of multiple significance tests,
the described multivariate analysis of the
longshoremen’s experience shows that all
three high-risk characteristics—cigarette
smoking, low energy output, and higher
systolic blood pressure—are independently
influential in specific diseases, uncertain as
to role in others, and apparently not impli-
cated in some. This differentiation may
warrant further assessment of physical ac-

tivity as an intervention measure, since
both smoking and blood pressure already
have been extensively studied in relation to
many diseases.

The summary relative risk and associ-
ated statistical significance tests indicate an
independent relationship of each of the
three characteristics to death from a variety
of specific causes. All three adverse char-
acteristics show similar strength in relation
to total death and to death from heart
attack, but differences appear with relation
to other diseases. In this population of long-
shoremen, low energy expenditure is asso-
ciated with non-heart-attack deaths only
where disease of the circulatory system is
mentioned as a contributing cause, imply-
ing that sedentary living exacts its toll
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death from a broad
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chiefly through heart disease and perhaps
stroke. Cigarette smoking, through its var-
ious toxic processes, is associated with

range of dis-

eases—heart attack, cancer, and respira-
tory disease. High systolic blood pressure is
related to an even broader range of cardio-
vascular disease than either of the other
characteristics studied.
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